Abstract
Results
In the total population studied, no significant differences were observed between the two groups with respect to the rate of recurrent MI, repeated PCI, coronary artery bypass grafting (CABG), or all-cause mortality. However, the cardiac death rate was significantly lower in the statin group (p = 0.009). Propensity score-matched analysis yielded 274 pairs a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
Introduction
Lipid lowering therapy is essential for prevention of major cardiovascular complications in patients diagnosed with cardiovascular disease (CVD), as well as in individuals at high cardiovascular risk [1, 2] . Although chronic kidney disease (CKD) is acknowledged as an independent risk factor for CVD [3] , the benefit of lipid lowering therapy in CKD patients remains unclear and debatable. Several meta-analyses demonstrate that the effect of statin therapy is significantly modified by renal function [4, 5] . Recently, large-scale trials have investigated the clinical effect of statins in patients with CKD [6] [7] [8] . These trials proposed differing results of the effects of statins, depending on the severity of renal dysfunction. Two studies-the Deutsche Diabetes Dialyse Studie (4D), and A Study to Evaluate the Use of Rosuvastatin in Subjects on Regular Hemodialysis: An Assessment of Survival and Cardiovascular Events (AURORA) trials-which examined patients receiving hemodialysis, reported that statins were not beneficial in preventing cardiovascular complications [6, 7] . However, the Study of Heart and Renal Protection (SHARP) trial showed evidence of their clinical efficacy in a wide range of patients with CKD [8] .
Although statins demonstrate a clinical effect on the secondary prevention of cardiovascular events, the above-mentioned trials did not focus on this benefit. Few studies have described the secondary preventive effects of statins after percutaneous coronary intervention (PCI) in patients with renal dysfunction [9] [10] [11] . However, most of these studies were performed on patients with mild renal dysfunction (estimated glomerular filtration rate [eGFR] 60 mL/ min/1.73 m 2 and < 55.9 mL/min/1.73 m 2 ) [9, 11] . An increasing body of evidence demonstrates that the pathophysiology of CVD differs based on the severity of renal dysfunction [12, 13] . Additionally, some studies report that as renal function declines, the effectiveness of lipid lowering therapy in prevention of CVD also decreases [12, 14] . Thus, further studies need to be performed in patients with advanced renal dysfunction (eGFR < 30 mL/min/1.73 m 2 ). In this study, we evaluated the clinical impact of statins on major adverse cardiac events (MACEs) and all-cause mortality in patients with advanced renal dysfunction who had undergone PCI after acute myocardial infarction (AMI). Propensity score-matched analysis was performed to minimize the effect of a selection bias occurring due to the effect of potential confounders.
Methods

Study population and design
includes AMI patients in Korea. The registry includes 53 centers with facilities for primary PCI. All data were accessed anonymously for analysis. Between November 2005 and July 2012, 33,205 patients diagnosed with AMI were enrolled in the KAMIR database. As shown in Fig 1,  1 ,776 patients diagnosed with advanced renal dysfunction, defined as eGFR less than 30 mL/ min/1.73 m 2 , were eligible to be included in our study. We excluded patients with missing data regarding medications, in-hospital deaths, or those who were lost to follow-up within 12 months of being diagnosed with an AMI. Finally, 861 patients were enrolled in this study. Patients were divided into two groups (statin vs. no-statin group) based on whether they were prescribed statins as a discharge medication. Additionally, we performed a propensity scorematched analysis for treatment with statins. Details relating to propensity score-matched analysis are described below. The present study was performed based on the ethical guidelines of the 1975 Declaration of Helsinki, as revised in 2000. The study protocol was approved by the Institutional Review Board of all centers, and the approval number was 05-49 obtained from Chonnam National University Hospital. Written informed consent was obtained from all patients. The participating sites are listed in an appendix.
Definition and variables
A serum creatinine level was measured prior to PCI, and renal function was assessed based on eGFR expressed as mL/min/1.73 m 2 using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation [15] . Advanced renal dysfunction was defined as an eGFR < 30 mL/min/1.73 m 2 . Baseline variables included age, gender, initial blood pressure, body mass index, and several cardiovascular risk factors such as hypertension, diabetes mellitus, dyslipidemia, and previous coronary artery disease (CAD). Laboratory findings including serum lipid profile and cardiac markers, and medications prescribed at discharge, were recorded.
Study outcomes
The primary study outcome was 12-month MACEs, which included cardiac death, recurrent myocardial infarction (MI), repeated PCI (target lesion or target vessel revascularization, or non-target vessel revascularization), and coronary artery bypass grafting (CABG). Cardiac death was defined as death attributable to arrhythmia or mechanical complications such as free wall rupture and ventricular septal rupture. Recurrent MI was defined as recurrent clinical features with new electrocardiographic findings that were compatible with MI, or increased levels of cardiac markers, these values being at least twice the upper limit of normal. We did not include planned revascularization as the primary study outcome. Secondary study outcome was an all-cause mortality during the 12-month follow-up. All-cause mortality included both cardiac and non-cardiac deaths.
Statistical analysis
Continuous variables are presented as means ± standard deviations (SDs), and categorical data are reported as frequencies and percentages. Analysis of continuous variables was performed using the Student's t-test, and categorical data was analyzed using a Chi-square test or the Fisher's exact test. Survival curves were estimated by the Kaplan-Meier method and compared with the log-rank test. Multiple Cox proportional regression analysis determined the association of variables with 12-month MACEs, after adjusting for several confounders. The results are presented as hazard ratios (HRs) ± 95% confidence intervals (CI), and statistical significance is indicated. To reduce a potential selection bias and to balance differences between the two groups, a propensity score was estimated using a multivariable logistic regression model. Variables included in the logistic regression model used to deduce the propensity score were: age, gender, hypertension, dyslipidemia, Killip class, total cholesterol, low-density lipoprotein (LDL) cholesterol, N-terminal prohormone of brain natriuretic peptide, and discharge medications. The C-statistic for the propensity score derivation was 0.76. Statin and no-statin groups were subsequently matched using a 1:1 matching algorithm on the propensity scores. All statistical analyses were carried out using SPSS software version 19.0 (SPSS Inc., Chicago, IL, USA). A p value < 0.05 was considered statistically significant.
Results
Baseline characteristics, laboratory findings, and medications
Baseline characteristics, initial laboratory findings, and medications at discharge are presented in Table 1 . Among the 861 patients, 537 (62.4%) patients were treated with statins. The mean age of the study population was 69.4 years (age range: 18-100) and 477 (55.4%) were men. The statin group showed a higher prevalence of hypertension and dyslipidemia compared to the no-statin group. Patients belonging to the no-statin group had a poorer Killip class. Laboratory evaluation revealed that serum total cholesterol and LDL cholesterol values were significantly higher in the statin group. There were some significant differences between the two groups in terms of medications prescribed at discharge. After 1:1 propensity score-matching, 548 patients were matched. In the propensity score-matched populations, no significant differences were observed between the two groups with respect to baseline characteristics, laboratory findings, and medications.
Clinical outcomes in the total population
Clinical outcomes in the total and propensity score-matched population are shown in Table 2 . During the 12-month follow-up period, 199 (23.1%) patients experienced MACEs. Of the 199 Effects of statins after AMI in patients with advanced renal dysfunction patients, cardiac death was noted in 113 (56.8%), 31 (15.6%) showed recurrent MI, 49 (24.6%) needed a repeated PCI, and 6 (3.0%) patients underwent CABG. Prevalence of 12-month overall MACEs or all-cause mortality was not significantly different between the two groups ( Fig  2A and 2B) . No significant differences were observed in rates of recurrent MI, repeated PCI, or CABG between the two groups. However, the cardiac death rate was significantly lower in the statin group compared to the no-statin group (10.8% vs. 17.0%, p = 0.009). Fig 2C shows 12-months cardiac death-free survival. The log-rank test identified that there was a significant association between statin usage and cardiac death-free survival (p = 0.013). Cox-regression analysis revealed that stain usage was not significantly associated with the incidence of 12-month MACEs (S1 Table) Clinical outcomes in the propensity score-matched population
There were no significant differences in the rates of 12-month overall MACEs or all-cause mortality in the propensity score-matched population ( Table 2 , Fig 3A and 3B) . Furthermore, the prevalence of recurrent MI, repeated PCI, and/or CABG was not significantly different between the two groups. Unlike findings observed in the total population, no significant difference was seen with respect to cardiac death in the propensity score-matched population ( Fig  3C) . Cox-regression analysis revealed that stain usage did not significantly reduce the incidence of 12-month MACEs or all-cause mortality (Table 3) . After adjustment, the left ventricular ejection fraction (LVEF) was the only factor that was independently associated with 12-month MACEs. Higher LVEF has a protective effect on MACEs (HR 0.979, 95% CI 0.962-0.996, p = 0.018).
Discussion
This study investigated the clinical effects of statin therapy on 12-month MACEs or all-cause mortality in patients with advanced renal dysfunction who underwent PCI after AMI. To the best of our knowledge, this is the first study to demonstrate a correlation between statins and clinical outcomes in patients with advanced renal dysfunction, using propensity scorematched analysis and the CKD-EPI equation. Our principal findings were: (1) Statin therapy did not reduce 12-month MACEs or all-cause mortality in patients with advanced renal dysfunction (eGFR < 30 mL/min/ 1.73m
2 ) who underwent PCI after AMI. (2) Although a significant reduction in cardiac death rate was observed in the statin group of the total population, the statistical significance diminished when propensity score-matching analysis was used. (3) LVEF was an independent predictor of 12-month MACEs in patients with advanced renal dysfunction undergoing PCI after AMI.
Previous studies have proved the benefits of lipid lowering therapies with respect to cardiovascular outcomes, with statins being the mainstay of this therapy [16, 17] . Although a strong body of evidence supports the cardiovascular benefits of statins in the general population, the significance of statin use in patients with renal dysfunction is unclear [5] . Studies performed on patients with early-stage CKD have generally reported beneficial effects of statins on cardiovascular outcomes [8, 18] . However, statins habe not been conclusively shown to reduce the incidence of cardiovascular events in patients with advanced-stage CKD [6, 7] . These results suggest that the benefit of statins on cardiovascular outcomes in patients with renal disease depends up on the severity of renal dysfunction. Few studies have demonstrated the effect of statin therapy on clinical outcomes in patients with CKD after AMI. Moreover, studies that investigated the effect of statins in patients with CKD who underwent PCI are also limited [9] [10] [11] .
In the present study, we examined the effects of statin therapy on cardiovascular outcomes and all-cause mortality in patients with advanced CKD who underwent PCI for AMI. Statins were not conclusively shown to demonstrate beneficial effects on clinical outcomes, and our finding was similar to results obtained from previous studies [10] . Although the exact mechanisms to explain these results could not be determined, a hypothetical explanation base on speculation could be offered. Several studies suggest that pathogenesis of CVD differs in patients with CKD [12] . Traditional risk factors alone do not explain the higher cardiovascular morbidity and mortality observed in patients with CKD [19] . Other contributory factors such as indlammation, volume overload, anemia, as well as calcium and phosphorus imbalance may have a greater effect on the outcomes of cardiovascular disease in CKD patients [20, 21] . Additionally, malnutrition may worsen cardiovascular outcomes in a patient by aggravating existing inflammation and heart failure, accelerating atherosclerosis, and increasing susceptibility to infection [22] . Statins might be ineffective in patients with advanced CKD but might have some role in patients with mild CKD. A possible explanation could be that unconventional contributory risk factors worsen as the disease progresses. We additionally analyzed the clinical effect of statins by dividing the patient population into quartiles based on eGFR [quartile 1 (eGFR ! 90 mL/min/1.73m 2 ), quartile 2 (eGFR ! 60 to < 90 mL/min/1.73m
2 ), quartile 3 (eGFR ! 30 to < 60 mL/min/1.73m 2 ), and quartile 4 (eGFR < 30 mL/min/1.73m
2 )]. The significant beneficial effect of statins was only observed in patients with eGFR ! 90 mL/min/ 1.73m 2 (S2 Table) .
Prior to performing propensity score-mating, the total cholesterol and LDL cholesterol levels at baseline were noted to be higher in the statin group. Malnutrition could aggravate existing inflammation, thereby contributing to the increased cardiovascular risk in CKD patients. Thus, a higher lipid profile, which indicates a good nutritional status could be a confounding factor while estimating the effect of statin treatment. Therefore, we performed propensity matching using 1:1 propensity score-matching; thus, eliminating confounders including lipid profiles. After propensity matching and elimination of confounders, we could accurately estimate the role of statin treatment in patients with advanced CKD who had been diagnosed with an AMI. We found that statin therapy after MI was not significantly effective for 12-month MACEs or all-cause mortality, and LVEF was the only independent predictor of risk. LVEF represents left ventricle systolic function and is acknowledged to be associated with a mortality risk after MI [23] . In patients with AMI, LVEF may reflect a higher degree of myocardial damage or myocardial stunning [24] . La Rovere et al. [25] have reported that patients with a low LVEF (< 35%) had a relatively higher risk of cardiac morality compared to patients with a high LVEF (> 50%) after an MI. Another recent study has shown that LVEF 30% effectively predicted cardiac and all-cause mortality in acute MI survivors [26] . In this study, the hazard ratio of LVEF for 12-month MACEs is close to 1, indicating that LVEF might not relevant in daily practice. However, considering 95% CI, it is difficult to assume that LVEF does not possess a good predictive value.
Using multivariate analysis, we failed to establish a significant association between some traditional risk factors and MACEs. Possible suppositions for this phenomenon could be: Our study population comprised only patients with advanced renal dysfunction (eGFR < 30 mL/ min/1.73 m 2 ). Some studies have failed to reveal a significant association between traditional risk factors and CVD in patients with advanced renal dysfunction [19, 27] . Additionally, as previously reported, the triglyceride to high-density lipoprotein cholesterol ratio failed to predict MACEs after AMI in patients with renal dysfunction [28] . We hypothesized that the above-mentioned conventional and unconventional risk factors have an additive effect in increasing the susceptibility of CKD patients to CVD.
There are some limitations in our study. First, we used the eGFR value instead of directly measuring the glomerular filtration rate (GFR). This could lead to an over-or underestimation of renal function. Second, serum creatinine was measured only once, which could result in an incorrect classification of patients. Although we tried to address this problem, we could not obtain additional data because of the features of the database. We will try to eliminate these drawbacks in our next study using multiple data point collection. Third, we did not have information on the dosages and types of statins administered. Although these factors were considered during analyses, we were unable to obtain complete information. Fourth, participants were not randomized and study was performed on a very specific population. There might be some differences between our study population and members of the general population with renal dysfunction. Of the 33,205 patients who underwent PCI for AMI between November 2005 and July 2012, 1,776 patients with advanced renal dysfunction were selected for this study. The effect of underpowered analysis cannot be denied. However, considering previous studies performed on AMI patients in Korea [29] , the prevalence of advanced renal dysfunction in our study is no significantly different. After excluding the ineligible population, 861 patients were found to be eligible for this study. We selected 548 patients using 1:1 propensity score-matching to minimize a selection bias. Finally, we did not assess the long-term clinical outcomes, and did not state the improvement in clinical outcomes after administration of statins. Prospective clinical studies including data that represent improvement of clinical outcomes and studies with a longer follow-up period need to be performed.
There are also some strengths to this study. First, unlike most previous studies which used the Modification of Diet in Renal Disease (MDRD) study equation, we used the recently introduced CKD-EPI equation to calculate the eGFR. This equation uses the same variables (serum creatinine, age, gender, and race) as the MDRD study equation, but applies different coefficients [15] . The CKD-EPI equation reportedly more accurately categorizes mortality risk compared to the MDRD study equation [30] . Second, we performed propensity score-matching analysis. We performed 1:1 matching using the greedy and nearest neighbor algorithm method. In this manner, we could reduce the differences between the two groups and minimize any selection bias. Finally, ours was a population-based study that included a large number of patients.
In conclusion, statin therapy did not significantly reduce the 12-month MACEs or all-cause mortality in patients with advanced renal dysfunction undergoing PCI after AMI. Further longitudinal and comparative studies are required to reliably evaluate the effect of statins in this patient population.
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